1 τ lepton flavour and baryon number violation
Introduction
Lepton flavour violating (LFV) processes are allowed within the context of the Standard Model (SM) with massive neutrinos, albeit with vanishingly small branching fractions. Many New Physics (NP) models allow for enhanced rates which approach current experimental sensitivities in certain regions of parameter space [1] . Setting limits on the branching fractions of such decays helps to constrain these models, whilst a direct observation of charged LFV would be a clear sign of NP.
At the LHCb experiment [2] , the inclusive τ − production cross-section * is large, such that in one nominal year of data taking a factor of ∼ 100 more τ − leptons are produced than in the total samples collected over the lifetimes of the BaBar and Belle experiments. This, combined with the clean detector signatures provided by final-state muons, makes searches for decays such as τ − → µ + µ − µ − particularly promising. The current world's best limit on the branching fraction for τ − → µ + µ − µ − is 2.1 × 10 −8 at 90% confidence level (CL) from Belle [3] . The physics reach of these searches can be further extended by considering decays such as τ − → pµ + µ − and τ − → pµ − µ − , which are also baryon number violating and lepton number violating, whilst still containing multiple final-state muons. These decays both have ∆(B − L) = 0 (B and L are the net baryon number and lepton number respectively), as required by most extensions of the SM, but could have rather different NP interpretations [4] . No measurements for these decays currently exist, but complementary searches such as τ − → Λh − , Λh − (with h = π, K) have been performed by BaBar and Belle, with limits of order 10 −7 obtained [5] . In the following we describe the searches for τ [6, 7] 
Event selection
After passing the LHCb trigger [8] , candidates are selected with loose cuts based on the kinematics of the reconstructed particles. For the τ − → pµ + µ − and τ − → pµ − µ − channels loose particle identification (PID) requirements are also applied. As the analysis is performed blind, initially candidates within ±30 MeV/c 2 of m τ are excluded. 
Both the central value of the mass window and the mass resolution are corrected according to the measured scaling and resolution in data at LHCb.
For τ − → pµ + µ − and τ − → pµ − µ − the candidates are classified according to M 3body and the invariant mass of the τ − candidate, in an identical manner to
Particle identification requirements are then imposed through the application of hard cuts on the inputs to M PID to separate protons from pions and muons from charged hadrons. 
Normalisation
The observed number of τ
The branching fraction of D − s → φ(µ + µ − )π − is determined from known branching fractions taken from Ref. [9] . The branching fraction of D − s → τ − ν τ is also taken from Ref. [9] . The quantity f Ds τ is the fraction of τ − that come from D − s decays, calculated using the bb and cc cross-sections as measured by LHCb [10, 11] , the inclusive b → τ − and c → τ − rates as measured by the LEP experiments and various branching fractions from Ref. [9] . This term is required as D − s → τ − ν τ only accounts for ∼ 80% of the production of τ − leptons. The total efficiencies, τ →Xµµ and Ds→φπ , take into account the acceptance, selection and trigger efficiencies for the signal and normalisation channels, whilst N Ds→φπ is the number of reconstructed
events in data, and N τ →Xµµ is the observed number of signal events. For τ − → pµ + µ − and τ − → pµ − µ − the normalisation is identical, aside from the inclusion of the PID cut efficiencies in τ →pµµ and Ds→φπ . The tight PID requirements result in a larger normalisation factor, but a reduced background level, such that the overall effect is similar to the use of the multivariate classifier.
The advantage of the relative normalisation is that many of the systematic errors that are common to both the signal and normalisation channels cancel and an explicit knowledge of the luminosity and the inclusive τ − cross-section are not required. 
Results
The expected number of background events per bin is calculated from an extended, unbinned maximum likelihood fit to the mass spectrum, excluding the signal region. An exponential function is used as the background probability density function for all three decays. For τ − → µ + µ − µ − the most relevant physical background comes from D 
Fits to the invariant mass distributions in the highest likelihood bins in the data are shown in Figure 4 . For τ − → µ + µ − µ − in the final limit calculation the lowest bins in M 3body and M PID are excluded as these are found not to contribute to the sensitivity.
The signal region is then unblinded and using the CL s method [12, 13] we set observed limits at 90% (95%) CL of 
These results are the first lepton flavour violation measurements at a hadron collider. The limits for τ − → µ + µ − µ − supercede those of Ref. [6] and, in combination with results from the B factories, improve the constraints placed on the parameters of a broad class of NP models [5] . The limits for τ − → pµ + µ − and τ − → pµ − µ − represent the first ever constraints on these channels. Data 
and (e) ⌧ e ⌧ h candidates with the excluded mass range indicated for ⌧ µ ⌧ µ . The Z ! ⌧⌧ simulation (solid red) is normalised to the number of signal events. The QCD (horizontal green), electroweak (vertical blue), and Z (solid cyan) backgrounds are estimated from data. The tt (vertical orange) and W W (horizontal magenta) backgrounds are estimated from simulation and generally not visible.
-5 - The ratio of the combined cross-section to the LHCb Z ! µµ cross-section measurement [5] is found to be
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where the uncertainty is the combined statistical, systematic, and luminosity uncertainties from both measured cross-sections, which are assumed to be uncorrelated.
Conclusions
Measurements of inclusive Z ! ⌧⌧ production in pp collisions at p s = 7 TeV in final states containing two muons, a muon and an electron, a muon and a hadron, and an electron and a hadron have been performed using a dataset corresponding to an integrated luminosity of 1028 ± 36 pb Using a sample of proton-proton collisions collected at √ s = 7 TeV in 2011, which corresponds to an integrated luminosity of 1.0 fb −1 , the analysis is split into five streams. These streams are denoted by τ µ τ µ , τ µ τ e , τ e τ µ , τ µ τ h and τ e τ h , depending on whether the τ leptons decay to muons, electrons or hadrons, and require the first lepton to have p T > 20 GeV/c and have additional kinematic and particle identification requirements specific to each stream. Figure 5 (left) shows the invariant mass distribution for the τ µ τ µ stream. The QCD, electroweak, and Z → µ + µ − backgrounds are estimated from data, whilst the tt and W + W − backgrounds are estimated from simulation and are not visible.
The cross-section measurements from the individual streams are combined with the BLUE method [17] to give σ pp→Z→τ τ = 71.4 ± 3.5 ± 2.8 ± 2.5 pb, in the region of 2.0 ≤ η τ ≤ 4.5 with p τ T > 20 GeV/c and 60 < M τ τ < 120 GeV/c 2 . The first uncertainty is statistical, the second is systematic, and the third is due to the uncertainty on the integrated luminosity. Figure 5 (right) shows a graphical summary of the individual final-state measurements, the combined measurement, the Z → µ + µ − measurement of Ref. [15] , and a theory prediction. The theory calculation uses DYNNLO [18] with the MSTW08 next-to-next-leading-order parton distribution functions set [19] . The results are all in good agreement.
The ratio of the combined cross-section to the LHCb Z → µ + µ − cross-section measurement is found to be σ pp→Z→τ τ σ pp→Z→µµ = 0.93 ± 0.09, and is consistent with lepton universality. The uncertainty is the combination of statistical, systematic, and luminosity uncertainties of the two measurements.
